A study of solar desalination still combined with air-conditioning system is presented in this work. Combining the solar still with the air-conditioning system can increase the condensate output from the solar still while meeting the cooling load needs. The operation of the combined solar distillation and air-conditioning system, that utilized the heat rejected by the condenser and the heat sink of the evaporator, has been tested to obtain the distillate output from the solar still during the air-conditioning of a space application. Experimental work of the present system is carried out in June 2009 (summer month), in Cairo, Egypt. The present problem is tested to use the integrated system operation for already utilizing air-conditioning energy consumption; that is, meeting the hourly air-conditioning load and the daily fresh water production. The system is tested for day and nighttimes of operation of the combined system for the summer month: June 2009, Cairo, Egypt. Economic study evaluation is presented. The results show that the maximum fresh water productivity through June is 29 Liters in daytime of June 5 2009 and 37 liters in nighttime (nocturnal time) of June 3 2009. The present system more efficient in day time (8:00 AM-8:00 PM) and night time (8:00 PM-8:00 AM). Therefore, the maximum efficiency is recorded 40% for the present system in daytime, 36% in nighttime, and 25% for conventional solar still. COP increases with inside temperature (T i ), however it decreases with outside temperature (T amb ). The average cost of one liter of distillate water from the present combined system = 0.021441 (LE).
Introduction
The shortage of drinking water is expected to be the biggest problem of the world in this century due to unsustainable consumption rates and population growth. Pollution of fresh water resources (rivers, lakes, and underground water) by industrial wastes has heightened the problem. About 70% of the earth is covered by water, and sea water represents about 97% of the water on the planet, and the remaining is fresh water; thus there is a shortage of potable water in many countries around the world. The rural and remote regions in the Middle East countries do not have access to good quality drinking water and as a result they relied on low cost options for producing water from salty aquifers such as solar desalination. Many researchers have developed mathematical models, and experimentally tried to improve the design of the conventional solar still in order to increase its daily productivity. Tiwari et al. [1] reported that the solar still output can be increased by decreasing the temperature of the glass cover through flowing water over the glass cover. Al-Hinai et al. [2] also reported that the condensate output of a double-effect solar still is twice that of a single-effect solar still, when water is passed between the double glass layers and therefore dropping its temperature. Other researchers such as Nawayseh et al. [3] focused on the reclamation of the condensing energy by transferring the latent heat of condensation to the feed saline water before it enters the solar still. Nawayseh reported that the fresh water output considerably increased in comparison to the water output of a conventional unit. Other researchers considered a simultaneous increase of the evaporator temperature and lowering the temperature of the glass cover, Rahim [4] reported that the enhancement of the efficiency of a conventional solar still is related to the temperature difference between the 2 ISRN Renewable Energy evaporating and condensing zones. Since the solar stills are not reliable in producing fresh water, other researchers considered combining the air-conditioning system with desalination. Yuan et al. [5] integrated desalination and air-conditioning system utilizing the heat rejected by the condenser and the heat sink of the evaporator to evaporate the sea water and then condense it on the cold surfaces of the evaporator. The water output of the combined system exceeds the output of an improved solar still that harasses the latent heat of condensation and lowers the temperature of the cover glass. However, the conventional solar still component does not exist in the integrated system of Yuan et al. [5] , and it relies on electrical energy to produce fresh water. If the air-conditioning system is not running, then no potable water can be produced. Evaporation rate as a function of water salinity is studied by AI-Shammiri [6] . The economic feasibility of small solar MED seawater desalination plants for remote areas is presented by El-Nashar [7] . Kusuda et al. [8] developed a simplified calculation method of seasonal performance of residential HVAC equipment, which could be used within the variable base degree-day method.
The objective of this work is to test and experiment the operation of a combined solar still desalination unit with air-conditioning system and to study the enhancement in distillate output and system performance to meet fresh water production and a specified cooling load. T w , T g , and T a , • C are the average temperatures of basin water, the glass cover and ambient, respectively. The still receives solar radiation per unit area of I, (W/m 2 ). The operation of solar desalination system is governed by the following heat balance equations:
Governing Equations of the System Components
2.1.1. Solar Energy Equations of Glass Cover (q g ). The thermal energy balance equations of the glass cover are given as:
where q Lg = q cg + q rg W/m 2 ,
where: q Lg : is the sum heat losses from the glass to the surrounding. q cg : is the heat losses by convection. q rg : is the heat losses by radiation between glass cover and the surrounding. h cg : is the heat transfer coefficient from the glass cover to the surrounding and can be calculated as, Duffie and Backman [9] :
where W s is the wind speed.
Solar Energy
Absorbed by Basin Water (q w ). The thermal energy equations of basin water are expressed as, Rai [10] :
where
where q iw is the input thermal energy to the basin water and can be obtained from the following equations.
(1) q ew is evaporated heat transfer rate at the saline water surface and a function of the distilled production of the fresh water (W h ). It is calculated from the following relationship:
where L w is the latent heat of water evaporation at the cover temperature, and equals 2.35 × 10 6 J/kg. The performance of the system is the ratio of the actual distilled water obtained per day to the energy input and can be computed as follows:
(2) q rw is the heat transfer rate by radiation between the saline water and the inner glass cover surface, and is given as:
where F (w−g) is the radiation shape factor from saline water to the inner glass surface and equals here (0.9).
(3) q cw is the convective heat transfer rate between the saline water and the inner glass cover surface, and is calculated as:
where h cw is the convective heat transfer coefficient and is calculated as:
(4) q Lb is the heat losses from the basin base to the ground and can be calculated as: where h Lb is the convective heat transfer coefficient of the basin base, and it is function of thermal conductivity. The thickness of the insulation material which can be calculated as follows:
(see Rai [10] ).
Compression Refrigeration
Unit. The major part of refrigeration systems operated electrically are based on the vapor compression refrigeration cycle, Dincer [11] , which is composed of four basic components: evaporator, compressor, condenser, and expansion valve, as shown in Figure 1 . Applying the first law of thermodynamics to the whole cycle, and to each of its components, Engel and Boles [12] , neglecting changes in kinetic and potential energy, and if • m is the refrigerant mass flow rate in the system, it is possible to calculate the different energy fluxes in the cycle by the following set of equations. (1) First law of thermodynamics
(2) Evaporator (refrigeration effect):
(3) Compressor (compression power):
(4) Condenser (condensation heat):
The coefficient of performance (COP) is then given by: 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 where h i is the enthalpy, (kJ/kg), Q • evap is heat power extracted from the evaporator (kW), Q • cond is heat power released in the condenser, (kW),
• W is compressor mechanical power (kW).
COP values are always positive and usually greater than one, due to the fact that the refrigeration effect is greater than the compression power.
Experimental Work
The system is composed of a conventional solar still of 1 m 2 , compressor of 2.5 HP, 220 Volt, 50 Hz, 18 amb., and R22 of 1.425 gm, condenser is rectangular of 54.5 × 61 cm 2 , expansion valves and evaporator cooling coil is rectangular of 30.5 × 10 4 cm 2 .
There is simultaneous meeting of fresh water production and the air-conditioning requirement in location of Cairo, Egypt without exceeding the cooling capacity of the airconditioning system. The experimental setup of the present system is built under the climate conditions of Cairo, Egypt to enhance the performance of the solar desalination system, Figures 2  and 3 . Five experiments are carried out in summer month (June 2009) for day and nighttimes as case study. Measurements of components system temperature and fresh water productivity are recorded for the conventional solar still and the present solar desalination combined with air-condition system. Type-K thermocouples (±5 • ), digital temperature devise, and remote control unit are used for measuring the components system temperature, and graduated jar is used for measuring the fresh water yield. The forecast of typical climate conditions of Cairo site, Egypt at the selected month are obtained from the "Egyptian Solar Radiation Atlas" of Geophysical Institute Shaltout [13] . Figure 4 shows the average of solar intensity in June for the experimental work. 
Economic Study Evaluation
For a desalination unit, the items of annual cost would be; capital cost of the components, fresh water production, and maintenance and operating expenses. The maintenance and operating expenses are estimated as 4% of capital cost. A present system with proper maintenance can serve up to 10 years. The salvage value of the present still is neglected. Table 1 gives the description, quantities, and costs of the components by Egyptian pounds (LE) of the present system in 2009. The annual cost of the present system = 3795/10 = 379.5 (LE) and the daily cost = 379.5/300 = 1.265 (LE). The average cost of one liter of distillate water from the present system = 1.265/(29 liter in daytime + 30 liter in nighttime of June 5 2009) = 0.021441 (LE).
Note. The cost of the conventional system per 10 years = 958 (LE), the annual cost = 95.8 (LE), and the daily cost = 0.26 (LE). The average cost of one liter of distillate water from the conventional system = 0.0743 (LE) which the average distillate water about 3.5 liter/m 2 day.
From the previous economic study, the present system is more economical and efficient. 
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Results and Discussions
The temperature variation of the components, accumulated fresh water per day and nighttimes, and the performance for the present solar desalination system and the conventional solar still, and COP of the present refrigerant system under case study are presented and illustrated through According to the hourly variation of the solar radiation, I, for the conventional and present solar desalination systems at selected days; June 2009, the results have been illustrated. The variation of the ambient, T a and inner glass cover temperatures, T g , are varied and have peak values around the noon interval for the present system and conventional solar still. The experiment was recorded from (8:00 AM-8:00 PM) in June 5 2009 for Cairo site, Egypt, Figure 6 . The hourly variation of basin water temperatures, T w and ambient temperature, T a , for the present system and conventional solar still, in June 5 2009 for Cairo site, Egypt are plotted in Figure 7 . It is noticed, as time goes on, all temperatures increase and begin to decrease after 4:00 PM with respect to the variation of the solar radiation, although the temperature values of the present system are higher than the conventional solar still.
Variation of ambient, evaporator, and condenser temperature of the present system is given in Figure 8 . It indicates the vapor compression refrigerant effect as function of hourly time during daytime.
Fresh water productivity for the present system and the conventional still during daytime (8:00 AM-8:00 PM) for the five experiments in June 2009 in Cairo site, Egypt is shown in Figure 9 . It is found that the amount of fresh water yield in daytime of the present system is very high than the conventional solar still in all five experiments. Figure 10 shows the water productivity for the present system and the conventional still during nighttime (8:00 PM-8:00 AM) for the five experiments in June 2009 in Cairo site, Egypt. Also, the amount of fresh water productivity during nighttime of the present system which is very high compared with the conventional solar still in all five experiments.
The performance of the present work and conventional solar still is shown in Figure 11 . In this figure, efficiency for the present system and the conventional still during day and nighttime in June 5 2009 in Cairo site, Egypt. It can be seen that the present system more efficient in day (8:00 AM-8:00 PM) and nighttime (8:00 PM-8:00 AM). Therefore, the maximum efficiency is recorded 40% for the present system in daytime, 36% in nighttime, and 25% for conventional solar still.
COP as a function of outside air temperature for three different indoor air temperatures for the present vapor compression refrigerant system is shown in Figure 12 . COP values are always positive and usually greater than one, due to the fact that the refrigeration effect is greater than the compression power. It is found that COP increases with inside temperature (T i ), however, decreases with outside temperature (T amb ).
Conclusions
In this paper, and based on the results, the concluded points are drawn as the following.
(1) As time goes on, all temperatures increase and begin to decrease after 4:00 PM with respect to the variation of the solar radiation, although the temperature values of the present system are higher than the conventional solar still.
(2) The present system more efficient in daytime (8:00 AM-8:00 PM) and nighttime (8:00 PM-8:00 AM). Therefore, the maximum efficiency is recorded 40% for the present system in daytime, 36% in nighttime, and 25% for conventional solar still.
(3) COP values are always positive and usually greater than one, due to the fact that the refrigeration effect is greater than the compression power.
(4) COP increases with inside temperature (T i ), however decreases with outside temperature (T amb ).
